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Lampiran 2. Data Jalan di Kabupaten Bantul 
 





1 Jl. Wahidin Sudiro Husodo 0.36 0.17 
2 Jl. Parangtritis 0.73 0.20 
3 Jl. Manding-Imogiri 0.61 0.21 
4 Jl. Ngentak 0.51 0.20 
5 Jl. Bibis 0.61 0.22 
6 Jl. Nasional III 0.20 0.23 
7 Jl. Imogiri Barat 0.61 0.32 
8 Jl. Raya Kasongan 0.64 0.23 
9 Jl. Ngipik 0.67 0.20 
10 Jl. Wiyoro 0.65 0.21 
11 Jl. Bantul 0.72 0.24 
12 Jl. KH Ali Maksum 0.69 0.44 
13 Jl. Tembi 0.72 0.22 
14 Jl. Jejeran 0.69 0.26 
15 Jl. Imogiri Timur 0.61 0.50 
16 Jl. Jogoripon 0.50 0.45 
17 Jl. Puri Sewon Asri 0.24 0.20 
18 Jl. S. Parman 0.13 0.15 
19 Jl. Prof. Dr. Supomo 0.47 0.16 
20 Jl. Sewon Indah 0.16 0.21 
21 Jl. Tegal Sari 0.16 0.20 
22 Jl. Cepit-Tembi 0.69 0.23 
23 Jl. Pramuka 0.24 0.17 
24 Jl. Mgr. Sugiyo Pranoto 0.35 0.18 
25 Jl. Sultan Agung 0.63 0.15 
26 Jl. HOS Cokro Aminoto 0.52 0.24 
27 Jl. Urip Sumoharjo 0.38 0.16 
28 Jl. KH Wahid Hasyim 0.60 0.18 
29 Jl. Bakulan-Imogiri 0.28 0.09 
30 Jl. Makam Raja 0.51 0.33 
31 Jl. Karangjati 0.42 0.44 
32 Jl. Jend. Sudirman 0.34 0.45 
33 Jl. Raya Pleret 0.82 0.49 
34 Jl. Ateka 0.42 0.27 
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35 Jl. Gatot Subroto 0,61 0.20 
36 Jl. Jend. A. Yani 0.52 0.28 




Lampiran 3. Rating Tingkat Kerusakan Jalan 
 
Persentase Kerusakan Jalan (%) Kondisi Jalan 
0 – 15 Sempurna (excellent) 
16 – 30 Sangat Baik (very good) 
31 – 44 Baik (good) 
45 – 60 Sedang (fair) 
61 – 75 Buruk (poor) 
76 – 90 Sangat Buruk (very poor) 















1 Lengang -Kondisi  arus  bebas  hingga 
stabil 
-Kecepatan tinggi 
-Volume lalu lintas rendah 
0.00 - 0.44 
2 Normal -Kondisi arus mendekati tidak 
stabil 
-Kecepatan dan gerak 
kendaraan dikendalikan 
0.45 - 0.84 
3 Sesak -Kondisi arus tidak stabil 
-Kecepatan terkadang terhenti 
-Antrian panjang 
0.85 - 1 








Nilai Lama Waktu 
Tempuh 
𝑣1, 𝑣9 0,682 
𝑣1, 𝑣13 0,124 
𝑣1, 𝑣15 0,382 
𝑣1, 𝑣18 0,351 
𝑣2, 𝑣3 1,03 
𝑣2, 𝑣5 1 
𝑣2, 𝑣12 0,969 
𝑣3, 𝑣4 0,963 
𝑣5, 𝑣3 0,997 
𝑣3, 𝑣6 0,966 
𝑣3, 𝑣9 1,001 
𝑣4, 𝑣9 1,313 
𝑣4, 𝑣14 1,779 
𝑣5, 𝑣8 0,509 
𝑣5, 𝑣10 0,6824 
𝑣5, 𝑣12 0,754 
𝑣6, 𝑣7 0,449 
𝑣6, 𝑣9 0,9 
𝑣7, 𝑣8 0,406 
𝑣7, 𝑣9 0,73 
𝑣8, 𝑣9 1,113 
𝑣9, 𝑣11 0,77 
𝑣9, 𝑣14 0,936 
𝑣9, 𝑣15 0,841 
𝑣9, 𝑣18 0,635 
𝑣10, 𝑣11 0,2064 
𝑣10, 𝑣12 0,4904 
𝑣10, 𝑣13 0,5554 
𝑣11, 𝑣13 0,417 
𝑣12, 𝑣13 0,396 
𝑣12, 𝑣17 0,494 
𝑣14, 𝑣16 0,435 
𝑣15, 𝑣16 0,6 
𝑣15, 𝑣18 0,6 
𝑣15, 𝑣19 0,5989 
𝑣15, 𝑣20 0,645 
𝑣16, 𝑣20 0,453 
𝑣17, 𝑣18 0,249 
𝑣18, 𝑣19 0,053 
𝑣19, 𝑣21 0,5 
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𝑣19, 𝑣22 0,318 
𝑣20, 𝑣21 0,4 
𝑣21, 𝑣22 0,618 
𝑣21, 𝑣24 0,626 




Lampiran 6. Tabel Jarak antar Simpul 
  𝑣1 𝑣2 𝑣3   𝑣4  𝑣5 𝑣6   𝑣7  𝑣8  𝑣9  𝑣10  𝑣11  𝑣12  𝑣13  𝑣14  𝑣15  𝑣16  𝑣17 𝑣18 𝑣19 𝑣20 𝑣21 𝑣22 𝑣23 
𝑣1 0 0 0 0 0 0 0 0 0.682 0 0 0 0.124 0 0.382 0 0 0.351 0 0 0 0 0 
𝑣2 0 0 1.03 0 1 0 0 0 0 0 0 0.969 0 0 0 0 0 0 0 0 0 0 0 
𝑣3 0 1.03 0 0.963 0.997 0.966 0 0 1.001 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
𝑣4 0 0 0.963 0 0 0 0 0 1.313 0 0 0 0 1.779 0 0 0 0 0 0 0 0 0 
𝑣5 0 1 0.997 0 0 0.626 0 0.509 0 0.6824 0 0.754 0 0 0 0 0 0 0 0 0 0 0 
𝑣6 0 0 0.966 0 0.626 0 0.449 0 0.9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
𝑣7 0 0 0 0 0 0.449 0 0.406 0.73 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
𝑣8 0 0 0 0 0.509 0 0.406 0 1.113 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
𝑣9 0.682 0 1.001 1.313 0 0.9 0.73 1.113 0 0 0.77 0 0 0.936 0.841 0 0 0.635 0 0 0 0 0 
𝑣10 0 0 0 0 0.6824 0 0 0 0 0 0.2064 0.4904 0.5554 0 0 0 0 0 0 0 0 0 0 
𝑣11 0 0 0 0 0 0 0 0 0.77 0.2064 0 0 0.417 0 0 0 0 0 0 0 0 0 0 
𝑣12 0 0.969 0 0 0.754 0 0 0 0 0.4904 0 0 0.396 0 0 0 0.494 0 0 0 0 0 0 
𝑣13 0.124 0 0 0 0 0 0 0 0 0.5554 0.417 0.396 0 0 0 0 0 0 0 0 0 0 0 
𝑣14 0 0 0 1.779 0 0 0 0 0.936 0 0 0 0 0 0 0.435 0 0 0 0 0 0 0 
𝑣15 0.382 0 0 0 0 0 0 0 0.841 0 0 0 0 0 0 0.6 0 0.6 0.5989 0.645 0 0 0 
𝑣16 0 0 0 0 0 0 0 0 0 0 0 0 0 0.435 0.6 0 0 0 0 0.453 0 0 0 
𝑣17 0 0 0 0 0 0 0 0 0 0 0 0.494 0 0 0 0 0 0.249 0 0 0 0 0 
𝑣18 0.351 0 0 0 0 0 0 0 0.635 0 0 0 0 0 0.6 0 0.249 0 0.053 0 0 0 0 
𝑣19 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.5989 0 0 0.053 0 0 0.5 0.318 0 
𝑣20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.645 0.453 0 0 0 0 0.4 0 0 
𝑣21 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.5 0.4 0 0.618 0.626 
𝑣22 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.318 0 0.618 0 0.218 




Lampiran 7. Tabel Visibilitas antar Simpul 
  𝑣1 𝑣2 𝑣3   𝑣4  𝑣5 𝑣6   𝑣7  𝑣8  𝑣9  𝑣10  𝑣11  𝑣12  𝑣13  𝑣14  𝑣15  𝑣16  𝑣17 𝑣18 𝑣19 𝑣20 𝑣21 𝑣22 𝑣23 
𝑣1 0 0 0 0 0 0 0 0 1.466 0 0 0 8.065 0 2.618 0 0 2.849 0 0 0 0 0 
𝑣2 0 0 0.971 0 1 0 0 0 0 0 0 1.032 0 0 0 0 0 0 0 0 0 0 0 
𝑣3 0 0.971 0 1.038 1.003 1.035 0 0 0.999 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
𝑣4 0 0 1.038 0 0 0 0 0 0.762 0 0 0 0 0.562 0 0 0 0 0 0 0 0 0 
𝑣5 0 1 1.003 0 0 1.597 0 1.965 0 1.465 0 1.326 0 0 0 0 0 0 0 0 0 0 0 
𝑣6 0 0 1.035 0 1.597 0 2.227 0 1.111 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
𝑣7 0 0 0 0 0 2.227 0 2.463 1.37 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
𝑣8 0 0 0 0 1.965 0 2.463 0 0.898 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
𝑣9 1.466 0 0.999 0.762 0 1.111 1.37 0.898 0 0 1.299 0 0 1.068 1.189 0 0 1.575 0 0 0 0 0 
𝑣10 0 0 0 0 1.465 0 0 0 0 0 4.845 2.039 1.801 0 0 0 0 0 0 0 0 0 0 
𝑣11 0 0 0 0 0 0 0 0 1.299 4.845 0 0 2.398 0 0 0 0 0 0 0 0 0 0 
𝑣12 0 1.032 0 0 1.326 0 0 0 0 2.039 0 0 2.525 0 0 0 2.024 0 0 0 0 0 0 
𝑣13 8.065 0 0 0 0 0 0 0 0 1.801 2.398 2.525 0 0 0 0 0 0 0 0 0 0 0 
𝑣14 0 0 0 0.562 0 0 0 0 1.068 0 0 0 0 0 0 2.299 0 0 0 0 0 0 0 
𝑣15 2.618 0 0 0 0 0 0 0 1.189 0 0 0 0 0 0 1.667 0 1.667 1.67 1.55 0 0 0 
𝑣16 0 0 0 0 0 0 0 0 0 0 0 0 0 2.299 1.667 0 0 0 0 2.208 0 0 0 
𝑣17 0 0 0 0 0 0 0 0 0 0 0 2.024 0 0 0 0 0 4.016 0 0 0 0 0 
𝑣18 2.849 0 0 0 0 0 0 0 1.575 0 0 0 0 0 1.667 0 4.016 0 18.87 0 0 0 0 
𝑣19 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1.67 0 0 18.87 0 0 2 3.145 0 
𝑣20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1.55 2.208 0 0 0 0 2.5 0 0 
𝑣21 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 2.5 0 1.618 1.597 
𝑣22 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3.145 0 1.618 0 4.587 




Lampiran 8. Tabel Feromon Awal 
  𝑣1 𝑣2 𝑣3   𝑣4  𝑣5 𝑣6   𝑣7  𝑣8  𝑣9  𝑣10  𝑣11  𝑣12  𝑣13  𝑣14  𝑣15  𝑣16  𝑣17 𝑣18 𝑣19 𝑣20 𝑣21 𝑣22 𝑣23 
𝑣1 0 0 0 0 0 0 0 0 0.1 0 0 0 0.25 0 0.167 0 0 0.2 0 0 0 0 0 
𝑣2 0 0 0.2 0 0.167 0 0 0 0 0 0 0.2 0 0 0 0 0 0 0 0 0 0 0 
𝑣3 0 0.333 0 0.333 0.167 0.25 0 0 0.1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
𝑣4 0 0 0.2 0 0 0 0 0 0.1 0 0 0 0 0.333 0 0 0 0 0 0 0 0 0 
𝑣5 0 0.333 0.2 0 0 0.25 0 0.333 0 0.25 0 0.2 0 0 0 0 0 0 0 0 0 0 0 
𝑣6 0 0 0.2 0 0.167 0 0.333 0 0.1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
𝑣7 0 0 0 0 0 0.25 0 0.333 0.1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
𝑣8 0 0 0 0 0.167 0 0.333 0 0.1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
𝑣9 0.25 0 0.2 0.333 0 0.25 0.333 0.333 0 0 0.333 0 0 0.333 0.167 0 0 0.2 0 0 0 0 0 
𝑣10 0 0 0 0 0.167 0 0 0 0 0 0.333 0.2 0.25 0 0 0 0 0 0 0 0 0 0 
𝑣11 0 0 0 0 0 0 0 0 0.1 0.25 0 0 0.25 0 0 0 0 0 0 0 0 0 0 
𝑣12 0 0.333 0 0 0.167 0 0 0 0 0.25 0 0 0.25 0 0 0 0.5 0 0 0 0 0 0 
𝑣13 0.25 0 0 0 0 0 0 0 0 0.25 0.333 0.2 0 0 0 0 0 0 0 0 0 0 0 
𝑣14 0 0 0 0.333 0 0 0 0 0.1 0 0 0 0 0 0 0.333 0 0 0 0 0 0 0 
𝑣15 0.25 0 0 0 0 0 0 0 0.1 0 0 0 0 0 0 0.333 0 0.2 0.25 0.333 0 0 0 
𝑣16 0 0 0 0 0 0 0 0 0 0 0 0 0 0.333 0.167 0 0 0 0 0.333 0 0 0 
𝑣17 0 0 0 0 0 0 0 0 0 0 0 0.2 0 0 0 0 0 0.2 0 0 0 0 0 
𝑣18 0.25 0 0 0 0 0 0 0 0.1 0 0 0 0 0 0.167 0 0.5 0 0.25 0 0 0 0 
𝑣19 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.167 0 0 0.2 0 0 0.25 0.333 0 
𝑣20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.167 0.333 0 0 0 0 0.25 0 0 
𝑣21 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.25 0.333 0 0.333 0.5 
𝑣22 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.25 0 0.25 0 0.5 




Lampiran 9. Tabel Probabilitas pada s = 1 
  𝑣1 𝑣2 𝑣3   𝑣4  𝑣5 𝑣6   𝑣7  𝑣8  𝑣9  𝑣10  𝑣11  𝑣12  𝑣13  𝑣14  𝑣15  𝑣16  𝑣17 𝑣18 𝑣19 𝑣20 𝑣21 𝑣22 𝑣23 
𝑣1 0 0 0 0 0 0 0 0 0.292 0 0 0 0.133 0 0.274 0 0 0.301 0 0 0 0 0 
𝑣2 0 0 0.363 0 0.295 0 0 0 0 0 0 0.342 0 0 0 0 0 0 0 0 0 0 0 
𝑣3 0 0.293 0 0.274 0.142 0.206 0 0 0.085 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
𝑣4 0 0 0.21 0 0 0 0 0 0.143 0 0 0 0 0.647 0 0 0 0 0 0 0 0 0 
𝑣5 0 0.282 0.169 0 0 0.133 0 0.144 0 0.145 0 0.128 0 0 0 0 0 0 0 0 0 0 0 
𝑣6 0 0 0.36 0 0.195 0 0.278 0 0.168 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
𝑣7 0 0 0 0 0 0.35 0 0.422 0.228 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
𝑣8 0 0 0 0 0.256 0 0.408 0 0.336 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
𝑣9 0.069 0 0.081 0.176 0 0.091 0.098 0.149 0 0 0.103 0 0 0.126 0.057 0 0 0.051 0 0 0 0 0 
𝑣10 0 0 0 0 0.272 0 0 0 0 0 0.164 0.234 0.331 0 0 0 0 0 0 0 0 0 0 
𝑣11 0 0 0 0 0 0 0 0 0.331 0.222 0 0 0.448 0 0 0 0 0 0 0 0 0 0 
𝑣12 0 0.352 0 0 0.137 0 0 0 0 0.134 0 0 0.108 0 0 0 0.269 0 0 0 0 0 0 
𝑣13 0.08 0 0 0 0 0 0 0 0 0.358 0.358 0.204 0 0 0 0 0 0 0 0 0 0 0 
𝑣14 0 0 0 0.713 0 0 0 0 0.113 0 0 0 0 0 0 0.174 0 0 0 0 0 0 0 
𝑣15 0.111 0 0 0 0 0 0 0 0.097 0 0 0 0 0 0 0.231 0 0.139 0.173 0.249 0 0 0 
𝑣16 0 0 0 0 0 0 0 0 0 0 0 0 0 0.366 0.253 0 0 0 0 0.381 0 0 0 
𝑣17 0 0 0 0 0 0 0 0 0 0 0 0.665 0 0 0 0 0 0.335 0 0 0 0 0 
𝑣18 0.225 0 0 0 0 0 0 0 0.163 0 0 0 0 0 0.257 0 0.32 0 0.034 0 0 0 0 
𝑣19 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.293 0 0 0.031 0 0 0.366 0.31 0 
𝑣20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.3 0.421 0 0 0 0 0.279 0 0 
𝑣21 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.161 0.171 0 0.265 0.403 
𝑣22 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.232 0 0.45 0 0.318 




Lampiran 10. Tabel Probabilitas pada s = 2 
  𝑣1 𝑣2 𝑣3   𝑣4  𝑣5 𝑣6   𝑣7  𝑣8  𝑣9  𝑣10  𝑣11  𝑣12  𝑣13  𝑣14  𝑣15  𝑣16  𝑣17 𝑣18 𝑣19 𝑣20 𝑣21 𝑣22 𝑣23 
𝑣1 0 0 0 0 0 0 0 0 0 0.389 0.389 0.222 0 0 0 0 0 0 0 0 0 0 0 
𝑣2 0 0 0 0 0.212 0 0 0 0 0.206 0 0 0.167 0 0 0 0.415 0 0 0 0 0 0 
𝑣3 0 0.34 0 0 0 0.16 0 0.173 0 0.174 0 0.154 0 0 0 0 0 0 0 0 0 0 0 
𝑣4 0 0.403 0 0 0.196 0.284 0 0 0.118 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
𝑣5 0 0.408 0 0 0 0 0 0 0 0.155 0 0 0.125 0 0 0 0.312 0 0 0 0 0 0 
𝑣6 0 0.369 0 0.345 0.179 0 0 0 0.108 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
𝑣7 0 0 0 0 0.433 0 0 0 0.567 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
𝑣8 0.081 0 0.095 0.207 0 0.107 0.115 0 0 0 0.121 0 0 0.148 0.067 0 0 0.06 0 0 0 0 0 
𝑣9 0 0 0 0 0 0 0 0 0 0 0 0 0.188 0 0.387 0 0 0.425 0 0 0 0 0 
𝑣10 0 0 0 0 0 0 0 0 0.425 0 0 0 0.575 0 0 0 0 0 0 0 0 0 0 
𝑣11 0 0 0 0 0.325 0 0 0 0 0 0 0.28 0.396 0 0 0 0 0 0 0 0 0 0 
𝑣12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 
𝑣13 0 0 0 0 0 0 0 0 0.599 0.401 0 0 0 0 0 0 0 0 0 0 0 0 0 
𝑣14 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.399 0 0 0 0 0.601 0 0 0 
𝑣15 0.304 0 0 0 0 0 0 0 0.22 0 0 0 0 0 0 0 0.431 0 0.046 0 0 0 0 
𝑣16 0 0 0 0.864 0 0 0 0 0.136 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
𝑣17 0.332 0 0 0 0 0 0 0 0.24 0 0 0 0 0 0.379 0 0 0 0.05 0 0 0 0 
𝑣18 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.302 0 0 0 0 0 0.378 0.32 0 
𝑣19 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.586 0 0.414 
𝑣20 0.147 0 0 0 0 0 0 0 0.13 0 0 0 0 0 0 0.308 0 0.185 0.231 0 0 0 0 
𝑣21 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.417 0.583 0 0 0 0 0 0 0 
𝑣22 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 
𝑣23 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.269 0.287 0 0.444 0 
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Lampiran 11. Tabel Feromon Baru 
  𝑣1 𝑣2 𝑣3   𝑣4  𝑣5 𝑣6   𝑣7  𝑣8  𝑣9  𝑣10  𝑣11  𝑣12  𝑣13  𝑣14  𝑣15  𝑣16  𝑣17 𝑣18 𝑣19 𝑣20 𝑣21 𝑣22 𝑣23 
𝑣1 0 0 0 0 0 0 0 0 1 0 0 0 1.664 0 0.742 0 0 0.548 0 0 0 0 0 
𝑣2 0 0 1.099 0 1.791 0 0 0 0 0 0 1.062 0 0 0 0 0 0 0 0 0 0 0 
𝑣3 0 1.225 0 1.952 0.159 1.181 0 0 0.095 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
𝑣4 0 0 1.826 0 0 0 0 0 0.166 0 0 0 0 2.023 0 0 0 0 0 0 0 0 0 
𝑣5 0 1.948 0.19 0 0 0.389 0 1.447 0 0.737 0 0.19 0 0 0 0 0 0 0 0 0 0 0 
𝑣6 0 0 1.133 0 0.31 0 2.023 0 0.708 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
𝑣7 0 0 0 0 0 1.944 0 2.023 0.095 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
𝑣8 0 0 0 0 1.289 0 2.023 0 0.671 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
𝑣9 1.142 0 0.19 0.387 0 0.85 0.316 0.893 0 0 0.895 0 0 0.391 0.383 0 0 0.338 0 0 0 0 0 
𝑣10 0 0 0 0 0.659 0 0 0 0 0 1.814 0.954 0.89 0 0 0 0 0 0 0 0 0 0 
𝑣11 0 0 0 0 0 0 0 0 0.673 1.735 0 0 1.424 0 0 0 0 0 0 0 0 0 0 
𝑣12 0 1.189 0 0 0.159 0 0 0 0 1.001 0 0 0.238 0 0 0 2.182 0 0 0 0 0 0 
𝑣13 1.664 0 0 0 0 0 0 0 0 0.89 1.503 0.19 0 0 0 0 0 0 0 0 0 0 0 
𝑣14 0 0 0 2.023 0 0 0 0 0.169 0 0 0 0 0 0 1.874 0 0 0 0 0 0 0 
𝑣15 0.821 0 0 0 0 0 0 0 0.32 0 0 0 0 0 0 1.293 0 0.267 0.889 1.219 0 0 0 
𝑣16 0 0 0 0 0 0 0 0 0 0 0 0 0 1.874 1.136 0 0 0 0 1.195 0 0 0 
𝑣17 0 0 0 0 0 0 0 0 0 0 0 1.897 0 0 0 0 0 1.897 0 0 0 0 0 
𝑣18 0.595 0 0 0 0 0 0 0 0.243 0 0 0 0 0 0.235 0 2.182 0 1.293 0 0 0 0 
𝑣19 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.81 0 0 1.246 0 0 0.238 2.023 0 
𝑣20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1.061 1.195 0 0 0 0 1.867 0 0 
𝑣21 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.238 1.946 0 0.316 2.182 
𝑣22 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1.944 0 0.238 0 2.182 
𝑣23 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1.944 2.023 0 
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Lampiran 12. List Program Algoritma Semut pada Software Matlab R2013a 
 
load('jarak dan tau.mat'); 
disp('ANT Colony Optimization (ACO) for'); 






etha=(1./D);  % the heurstic information 
etha(find(etha == Inf))=0.0000001;  %   In case d(ij) = 0 for 
some arc (i, j), the corresponding etha(ij) is set to a very small 
value. 








nAnt=nCity; %banyak semut 
  
empty_ant=struct(); 
empty_ant.Tour=[];  % city locations 
empty_ant.L=0;  % contains the length of tours 




max_it=1; %banyaknya iterasi 
best_L=repmat(nan,max_it,1); 
  
for t=1:max_it          % iterations 
       
    for k=1:nAnt        % placing ants at random positions. in 
total 25 ants at 25 cities. 
        ant(k).Tour=randint(1,1,[1 1]); 
         
    end  
     
    for i=2:nCity  % first all ants choose their desired next 
city and then move to their next desired until the make a complete 
tour.      
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        for k=1:nAnt  %% Ants goes in parrallel 
            N=find(~ismember(1:nCity,ant(k).Tour));   % location 
of non visited cities 
            ant(k).P=zeros(1,nCity);                  % 1*25 
matrics  
            ii=ant(k).Tour(end);                      % location 
of start city, (backing to starting city) 
             
            % tour construction 
            for j=1:numel(N)  %probability from city i to city j  
                jj=N(j);  % non visited city locations 
                ant(k).P(jj)=tau(ii,jj)^alpha*etha(ii,jj)^beta; 
            end  
         if k==1 
             disp('pembilang probabilitas'); 
             disp(num2str(ant(k).P)); 
             disp('penyebut probabilitas'); 
             disp(num2str(sum(ant(k).P))); 
         end 
            ant(k).P=ant(k).P/sum(ant(k).P);  % normalizing the 
probabilites. 
            ant(k).Tour(end+1)=Probability(ant(k).P); % adding 
cities one by one until we get the complete k visited cities 
        if k==1 
  
            disp('Probabilitas'); 
            disp(ant(k).P); 
            disp('Tour'); 
            disp(ant(k).Tour); 
        end 
        end  
      
    end  
    % tours were constructed for all ants. now ants have visited 
all cities 
    % once and made a complete visit. 
     
     
    % pheromone updates  
    for k=1:nAnt  
         
        ant(k).L=Tour_Cost(ant(k).Tour,D);            % 
calculating the sum of distances in each tour for ant k 
        panjang(k)=ant(k).L; 
        for i=1:nCity  
            ii=ant(k).Tour(i); % the location of first city 
             
            if i<nCity 
                jj=ant(k).Tour(i+1); % containing the next city 
after city i 
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            else 
                jj=ant(k).Tour(1); % backing to first node 
            end 
             
            %Updating the pheromone trails 
            tau(ii,jj)=tau(ii,jj)+1/ant(k).L; % previous plus the 
new pheremone. we uses the pheromones remained by all ants. 
            tau(jj,ii)=tau(ii,jj);  % symmetric matrix 
        end  
         
        VisitedCities{t,k} = ant(k).Tour; 
        VisitedCitiesLength{t,k} = ant(k).L; 
         
    end  
    tau=(1-rho)*tau;                             % Pheremone 
Evaporation effect 
      
    best_L(t)=min(min([ant.L]),min(best_L)); % best tour, % 
ant.L: represents the tour lengths made by all ants(25*1); 
    %at each iteration it will change;  best_L: the previous best 
tour length. 
    [r2,p2]=sort(panjang); 
    rute=ant(p2).Tour; 
    disp('rute terpendek'); 
    disp(num2str(rute)); 
    disp(['Iteration ' num2str(t) ': Best Tour Length = ' 
num2str(best_L(t))]); 
     
        % Plot Solution 







ylabel('Optimal Tour at each iteration') 
title('Plot of optimal tours VS iterations') 
  
  
% what is the most optimal tour 
VisitedCitiesLength = cell2mat(VisitedCitiesLength); 
[a,b] = min(VisitedCitiesLength); 
[c,d] = min (a); 
  
  





Lampiran 13. Output Pemilihan Rute dan Nilai Lama Waktu Tempuh pada Iterasi ke 
100 
 
ANT Colony Optimization (ACO) for 
Traveling Salesman Problem (TSP) 
pembilang probabilitas 
0           0           0           0           0           0           0           0     0.14663           0           0           0      




  Columns 1 through 10 
         0         0         0         0         0         0         0         0    0.0463         0 
  Columns 11 through 20 
         0         0    0.6362         0    0.1377         0         0    0.1798         0         0 
  Columns 21 through 23 
         0         0         0 
Tour 
     1    13 
pembilang probabilitas 
0           0           0           0           0           0           0           0           0     0.45013     0.79936     




  Columns 1 through 10 
         0         0         0         0         0         0         0         0         0    0.2565 
  Columns 11 through 20 
    0.4556    0.2879         0         0         0         0         0         0         0         0 
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  Columns 21 through 23 
         0         0         0 
Tour 
     1    13    11 
pembilang probabilitas 
0           0           0           0           0           0           0           0     0.12987      1.2112           0           0           




  Columns 1 through 10 
         0         0         0         0         0         0         0         0    0.0968    0.9032 
  Columns 11 through 20 
         0         0         0         0         0         0         0         0         0         0 
  Columns 21 through 23 
         0         0         0 
Tour 
     1    13    11    10 
pembilang probabilitas 
0           0           0           0     0.24424           0           0           0           0           0           0     0.40783           




  Columns 1 through 10 
         0         0         0         0    0.3746         0         0         0         0         0 
  Columns 11 through 20 
         0    0.6254         0         0         0         0         0         0         0         0 
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  Columns 21 through 23 
         0         0         0 
Tour 
     1    13    11    10    12 
pembilang probabilitas 
0     0.34399           0           0     0.22104           0           0           0           0           0           0           0           




  Columns 1 through 9 
         0    0.2181         0         0    0.1402         0         0         0         0 
  Columns 10 through 18 
         0         0         0         0         0         0         0    0.6417         0 
  Columns 19 through 23 
         0         0         0         0         0 
Tour 
     1    13    11    10    12    17 
pembilang probabilitas 
0           0           0           0           0           0           0           0           0           0           0           0           0           




  Columns 1 through 16 
     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0 
  Columns 17 through 23 




     1    13    11    10    12    17    18 
pembilang probabilitas 
0           0           0           0           0           0           0           0     0.15748           0           0           0           




  Columns 1 through 9 
         0         0         0         0         0         0         0         0    0.0306 
  Columns 10 through 18 
         0         0         0         0         0    0.0539         0         0         0 
  Columns 19 through 23 
    0.9155         0         0         0         0 
Tour 
     1    13    11    10    12    17    18    19 
pembilang probabilitas 
0           0           0           0           0           0           0           0           0           0           0           0           0           




  Columns 1 through 9 
         0         0         0         0         0         0         0         0         0 
  Columns 10 through 18 
         0         0         0         0         0    0.1524         0         0         0 
  Columns 19 through 23 




     1    13    11    10    12    17    18    19    22 
pembilang probabilitas 
0           0           0           0           0           0           0           0           0           0           0           0           0           




  Columns 1 through 9 
         0         0         0         0         0         0         0         0         0 
  Columns 10 through 18 
         0         0         0         0         0         0         0         0         0 
  Columns 19 through 23 
         0         0    0.1499         0    0.8501 
Tour 
     1    13    11    10    12    17    18    19    22    23 
pembilang probabilitas 
0           0           0           0           0           0           0           0           0           0           0           0           0           




  Columns 1 through 16 
     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0 
  Columns 17 through 23 
     0     0     0     0     1     0     0 
Tour 




0           0           0           0           0           0           0           0           0           0           0           0           0           




  Columns 1 through 16 
     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0 
  Columns 17 through 23 
     0     0     0     1     0     0     0 
Tour 
     1    13    11    10    12    17    18    19    22    23    21    20 
pembilang probabilitas 
0           0           0           0           0           0           0           0           0           0           0           0           0           




  Columns 1 through 9 
         0         0         0         0         0         0         0         0         0 
  Columns 10 through 18 
         0         0         0         0         0    0.2599    0.7401         0         0 
  Columns 19 through 23 
         0         0         0         0         0 
Tour 
     1    13    11    10    12    17    18    19    22    23    21    20    16 
pembilang probabilitas 
0           0           0           0           0           0           0           0           0           0           0           0           0     






  Columns 1 through 9 
         0         0         0         0         0         0         0         0         0 
  Columns 10 through 18 
         0         0         0         0    0.7339    0.2661         0         0         0 
  Columns 19 through 23 
         0         0         0         0         0 
Tour 
     1    13    11    10    12    17    18    19    22    23    21    20    16    14 
pembilang probabilitas 
0           0           0     0.18737           0           0           0           0     0.10684           0           0           0           




  Columns 1 through 9 
         0         0         0    0.6369         0         0         0         0    0.3631 
  Columns 10 through 18 
         0         0         0         0         0         0         0         0         0 
  Columns 19 through 23 
         0         0         0         0         0 
Tour 
     1    13    11    10    12    17    18    19    22    23    21    20    16    14     4 
pembilang probabilitas 
0           0     0.20768           0           0           0           0           0    0.076161           0           0           0           






  Columns 1 through 9 
         0         0    0.7317         0         0         0         0         0    0.2683 
  Columns 10 through 18 
         0         0         0         0         0         0         0         0         0 
  Columns 19 through 23 
         0         0         0         0         0 
Tour 
     1    13    11    10    12    17    18    19    22    23    21    20    16    14     4     3 
pembilang probabilitas 
0     0.32362           0           0     0.16717      0.2588           0           0      0.0999           0           0           




  Columns 1 through 9 
         0    0.3810         0         0    0.1968    0.3047         0         0    0.1176 
  Columns 10 through 18 
         0         0         0         0         0         0         0         0         0 
  Columns 19 through 23 
         0         0         0         0         0 
Tour 
  Columns 1 through 16 
     1    13    11    10    12    17    18    19    22    23    21    20    16    14     4     3 
  Column 17 




0           0           0           0     0.16667           0           0           0           0           0           0           0           




  Columns 1 through 16 
     0     0     0     0     1     0     0     0     0     0     0     0     0     0     0     0 
  Columns 17 through 23 
     0     0     0     0     0     0     0 
Tour 
  Columns 1 through 16 
     1    13    11    10    12    17    18    19    22    23    21    20    16    14     4     3 
  Columns 17 through 18 
     2     5 
pembilang probabilitas 
0           0           0           0           0     0.39936           0     0.65488           0           0           0           0           




  Columns 1 through 9 
         0         0         0         0         0    0.3788         0    0.6212         0 
  Columns 10 through 18 
         0         0         0         0         0         0         0         0         0 
  Columns 19 through 23 




  Columns 1 through 16 
     1    13    11    10    12    17    18    19    22    23    21    20    16    14     4     3 
  Columns 17 through 19 
     2     5     8 
pembilang probabilitas 
0           0           0           0           0           0     0.82102           0    0.089847           0           0           0           




  Columns 1 through 9 
         0         0         0         0         0         0    0.9014         0    0.0986 
  Columns 10 through 18 
         0         0         0         0         0         0         0         0         0 
  Columns 19 through 23 
         0         0         0         0         0 
Tour 
  Columns 1 through 16 
     1    13    11    10    12    17    18    19    22    23    21    20    16    14     4     3 
  Columns 17 through 20 
     2     5     8     7 
pembilang probabilitas 
0           0           0           0           0     0.55679           0           0     0.13699           0           0           0           




  Columns 1 through 9 
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         0         0         0         0         0    0.8026         0         0    0.1974 
  Columns 10 through 18 
         0         0         0         0         0         0         0         0         0 
  Columns 19 through 23 
         0         0         0         0         0 
Tour 
  Columns 1 through 16 
     1    13    11    10    12    17    18    19    22    23    21    20    16    14     4     3 
  Columns 17 through 21 
     2     5     8     7     6 
pembilang probabilitas 
0           0           0           0           0           0           0           0     0.11111           0           0           0           




  Columns 1 through 16 
     0     0     0     0     0     0     0     0     1     0     0     0     0     0     0     0 
  Columns 17 through 23 
     0     0     0     0     0     0     0 
Tour 
  Columns 1 through 16 
     1    13    11    10    12    17    18    19    22    23    21    20    16    14     4     3 
  Columns 17 through 22 
     2     5     8     7     6     9 
pembilang probabilitas 
0           0           0           0           0           0           0           0           0           0           0           0           0           






  Columns 1 through 16 
     0     0     0     0     0     0     0     0     0     0     0     0     0     0     1     0 
  Columns 17 through 23 
     0     0     0     0     0     0     0 
Tour 
  Columns 1 through 16 
     1    13    11    10    12    17    18    19    22    23    21    20    16    14     4     3 
  Columns 17 through 23 
     2     5     8     7     6     9    15 
rute terpendek 
1  13  11  10  12  17  18  19  22  23  21  20  16  14   4   3   2   5   8   7   6   9  15 




Lampiran 14. Surat Penelitian  
 
